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SIIRJECT: Personal Maintenance Subsequence for DATE: December 27, 19G8 
a Multi-Disciplinary Earth Orbital 
Space Station - Case 720 FROM. .L. ~ ' C t l i l  

M .A. r m ~ ~ 1 ~ ~ 1 ~  

TECHNICAL MEMORANDUM 

I NTRO DU C T I ON ----_ 
This paper is part of a larger study of operations 

The Personal Maintenance Subsequence covers those activities 
khat are performed in order to insure the health and operational 
readiness of the astronauts and includes a schedule which 
allows the concurrent performance of necessary tisks. In the 
prototype mission, the desirability for round-the-clock experi- 
ment support suggests the establishment of a three shift day, 
with two men asleep and four awake at all times. The operating 
modes of the subsequence are defined by the number of men 
available f o r  work at any one time. The nominal modes, which 
are repeated on successive shifts, fall into three main categories: 
two men available, four men available, and no men available. 
Figure 1 depicts a typical personal maintenance schedule. Off- 
nominal modes are determined by contingencies; illness or 
docondjtioning making fewer men available f o r  work, and 
emergencies requiring an increase in the available manpower 
(reducing the number in personal maintenance). Figure 2 
characterizes the nominal and principal off-nominal modes 
arid shows how and when transitions between tnem are effected. 

related to a large, multi-disciplinary space station (L2) 

The personal maintenance activities of the astronauts 
include eating, sleeping, hygiene, exercise, rest and recreation 
(R&R) and housekeeping. Whereas they are generally analogous to 
those performed on Earth, the special conditions of the space 
environment affect these activities in many ways. Several of 
these conditions and their consequences for personal maintenance 
are given below: 

THE --_ SPACE STATION AS A CLOSED ECOLOGICAL SYSTEM 

the possible adverse change in the microbiological balance, and 
the build-up of surface and atmospheric contaminants ( 3 y 4 ) .  The 
first of these problems may affect personal hygiene by requiring 
more elaborate cleaning procedures, including the use of 
disinfectants. The second problem may require more elaborate 
housekeeping, including the wiping of interior surfaces of the 
spacecraft and equipment with cleansing materials. 

Two main problems arise from this fact, namely, 
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' I ' I lE EFFECTS OF CONPINEMEMT 

The effects of confinement have been studied extensively, 
:ind some tentative conclusions have been reached ( 5 ~ ~ ) .  One of 
these conclusions is that the time spent in certain activities, 
such as eating, reading, and watching television, is generally 
greater than in non-confined situations, apparently t o  help 
consume excessive off-duty time. However, while a certain 
amount of rest and recreation is required, the main concern 
of men in confinement is to be kept usefully employed. We 
have assumed two hours per day as sufficient for rest and 
recreation, and shown an option for R&R by a two hour "Work or R&R" 
period on Figure 1. Actually, one would expect sufficient time 
f o r  such activities to occur in conjunction with meal, hygiene, 
exercise, sleep, and uncommitted work periods. For example, 
exercise should n o t  be sheer drudgery and should help serve the 
recreation function. Also, an eight hour sleep period is probably 
much more than the astronauts would need(5), and watching TV for 
an hour or so before retiring would h e l p  meet the R & R  requirement. 
By means such as these the formally shown Work or R&R period 
could really be available for work, as is generally intended. 
Only when the mission activities have been so intense as to not 
permit sufficient R&R during the rest of the day would R&R assume 
sufficient priority to begin to preempt work activities. 

While the subject of time off is not explored a t  length 
here, it seems reasonable to provide one day off per week, as 
planned for AAP, during which non essential work could be 
suspended and the men would have additional time for mission 
evaluation, R&R, or whatever other activities would provide as 
large a change from the daily routine as possible. In any case, 
it might be useful (though perhaps, inconvenient) to keep a record 
or l o g  of off duty time, to facilitate concurrent or post flight 
Performance analysis and to provide some assurance that the men 
are not overworking themselves. This option should be left open. 

Of course, if the requirements for eating (including 
food preparation), for hygiene, and for housekeeping should prove 
to be more than anticipated and allowed for, some compromise of 
the work time and R&R time might have to be effected. However, 
if no serious problems in these regimes are encountered in the 
Preceding one to two month AAP flights, which will have been 
Coriducted by then, some confidence may be had in their not Occurring 
on longer flights. 

- WEIGHTLESSNESS AND ITS PHYSIOLOGICAL EFFECTS 

Both ground-based simulations and spaceflight experience 
have indicated that weightlessness will cause serious cardio- 
vascular deconditioning unless appropriate countermeasures are 
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employed. One of these countermeasures is to induce artificial 
gravity, by an onboard centrifuge or by rotating the space 
station. The present study does not assume the existence of 
artificial gravity, but relies upon an exercise regime to 
counteract the effects of weightles~ness*(~). While we may 
have underestimated the time requirements for this exercise 
regime (two 1/2 hour periods/man/day), it should be pointed out 
that exercise will also be a part of the medical experiments, 
and additional exercise can be performed during uncommitted 
worktime, if necessary. 

Keeping these special conditions of space flight, 
i.e., the closed ecological system, confinement, and weightless- 
ness, in mind, we now proceed to a formal description of the 
"modes" of activity in the Personal Maintenance Subsequence and 
then to a more detailed discussion of the activities themselves. 

L3P:SCRIPTION OF MODES 

Nine modes have been identified f o r  the Personal 
Maintenance Subsequence, three nominal (scheduled) modes and 
six off-nominal (contingency) ones. As pointed out earlier, 
the modes are distinguished primarily by the number of astronauts 
available for work. The assumption that men should be available 
on a 24 hour basis resulted in the schedule of Figure 1, where 
the three nominal modes recur in the same order and durations 
on each of three shifts and the crew operates essentially in 
pairs, with a different pair asleep in each shift. Four of the 
off-nominal modes are based upon astronaut illness or deconditioning 
and the possible requirements for an attendant. The last two 
correspond to contingencies when more men than are ordinarily 
available are needed for work. Figure 2 describes these modes 
in terms of certain properties: temporal factors, crew commit- 
Irient, activities and performing agents, information generation 
and f l o w ,  power and special resource requirements, and transition 
f ' a c t o r s  (schedule or other causes for changing from one mode to 
another). The modes are summarized below: 

Nominal Modes --- - 

A. Average Personal Maintenance: Two pairs of astronauts 
are engaged in personal maintenance activities (one 
pair is asleep). Thus, only one pair of astronauts 
is available f o r  work. (2 hours/8 hour shift) 

*This is an important hypothesis, which will be tested in part 
in AAP and should be further pursued operationally or experimentally 
on subsequent zero-G space stations. Except for the rotating 
station, time for operational countermeasures to weightlessness 
must be allowed. Even in the rotating case, time for exercise must 
be allotted to maintain the crew's general physical condition. 
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J3. Minimum Personal Maintenance: One of the three 
. 

p a i r s  is engaged in personal maintenance activities 
(sleep), thus making two pairs available for work. 
(4 hours/8 hour shift) 

C. __- Maximum Personal Maintenance: All astronauts are 
engaged in personal maintenance activities (one pair 
asleep). Thus, none a r e  available for work. (2 hours/ 
8 hour shift). 

Off-Nominal Modes -- 

D. One Astronaut Sick*, Modified Average Personal 
Maintenance: This mode would replace Mode A when 
an astronaut who would ordinarily be available for 
work in Mode A becomes unavailable due to illness 
or deconditioning. Now only one man, instead of two, 
would be available for work. 

E. __--- One Astronaut Sick, Modified Minimum Personal 
Maintenance: This mode would replace Mode B should 
an astronaut become unavailable at that time. Now 
only three crew men would be available for work. 

F. One Astronaut S i c k ,  One Attendant; Modified 
Average Personal Maintenance: Should an otherwise 
available astronaut be so afflicted as to require 
attendance when Mode A would ordinarily be in 
progress, this mode would replace A and the 
astronaut's co-scheduled crew mate would attend him. 
None, instead of the usual two, would be available 
for work. 

G. - ~ . _ _ _  One Astronaut Sick, One Attendant ;Modified Minimum 
Personal Maintenance: This mode would replace Mode B 
if a sick man were to require attendance at that time. 
Only two of the usual four men would be available for 
work. 

1-1. Reduced Personal Maintenance: There may be times in the 
life of the station when contingencies in other 
activities will require more manpower than is scheduled 

~~ 

*The effect that a sick man has on the mission is treated 
later under ''Contingency Considerations " 
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t o  be  a v a i l a b l e . *  I n  such a c a s e  one or more a s t r o n a u t s ,  
as  n e c e s s a r y ,  would have t o  l e a v e  t h e i r  p e r s o n a l  
main tenance  a c t i v i t i e s ,  t h u s  i m p a c t i n g  whichever  of 
t h e  modes t h e y  were i n .  Rest and r e c r e a t i o n  c o u l d  be 
c a n c e l l e d ,  e a t i n g  and hygiene  d e l a y e d ,  and o t h e r  
i n t e r r u p t e d  p e r s o n a l  main tenance  a c t i v i t i e s  t r e a t e d  
i n  a c c o r d a n c e  w i t h  t h e i r  r e q u i r e m e n t s .  ( T h i s  mode 
i s  r e a l l y  a condensa t ion  o f  s e v e r a l  p o s s i b l e  a l t e r n a t i v e s  
t o  t h e  nominal  modes, depending on which mode was i n  
p r o g r e s s  and how many a d d i t i o n a l  men were n e e d e d . )  

I .  No P e r s o n a l  Maintenance:  I n  t h i s  mode, i n  a d d i t i o n  t o  
o t h e r  s c h e d u l e  m o d i f i c a t i o n s ,  t h e  two s l e e p i n g  a s t r o n a u t s  
a re  awakened. S i x  men become a v a i l a b l e  f o r  work f o r  
t h e  d u r a t i o n  o f  t h e  c o n t i n g e n c y ,  which cou ld  be  of  a 
s e r i o u s  n a t u r e  such  as a f i r e ,  meteor  p u n c t u r e ,  or 
Envi ronmen ta l  C o n t r o l  S y s t e m  f a i l u r e .  

DLSCRIPTION OF ACTIVITIES 

I n  o r d e r  t o  g i v e  a c l e a r e r  p i c t u r e  o f  t h e  n a t u r e  o f  t h e  
p e r s o n a l  ma in tenance  a c t i v i t i e s  i n  t h e  s t a t i o n ,  and t o  s u p p o r t  
t h e  t i m e  a s s i g n m e n t s  shown i n  F i g u r e s  1 and 2 ,  b r i e f  d e s c r i p t i o n s  
of e a c h  a c t i v i t y ,  w i t h  a m p l i f y i n g  i n f o r m a t i o n  a re  g i v e n  below: 

A .  E a t i n g  

Both food  p r e p a r a t i o n  and food  i n g e s t i o n  are  problems 
under  c o n d i t i o n s  o f  w e i g h t l e s s n e s s .  We e x p e c t  most food  t o  
b e  c a r r i e d  a l o f t  i n  f r e e z e - d r i e d  powder or t a b l e t  form,  which must 
be  r e c o n s t i t u t e d  by  t h e  a d d i t i o n  of water,  e i t h e r  h o t  or c o l d .  
I n  c a l c u l a t i n g  t h e  t i m e  r e q u i r e d  f o r  e a t i n g ,  t h e  p r e p a r a t i o n  t i m e  
f o r  t h e  food  must be  i n c l u d e d .  F u r t h e r m o r e ,  i n g e s t i o n  o f  t h e  
food must be  such  t h a t  p a r t i c l e s  a r e . n o t  a l l o w e d  t o  e s c a p e  i n t o  
t he  s p a c e  s t a t i o n  a tmosphe re ,  which means e i t h e r  s u c k i n g  or 
Squeez ing  t h e  food  i n t o  t h e  mouth d i r e c t l y  f rom t h e  v e s s e l  i n  
which i t  was p r e p a r e d .  A l l  t h i s  must be f o l l o w e d  by a c a r e f u l  
c l e a n u p  p r o c e d u r e .  Accord ing ly ,  w e  have a l l o c a t e d  2-1/2 h o u r s  
p e r  day  f o r  e a t i n g ,  c o n s i s t i n g  o f  3/4 hour  f o r  b reak fas t ,  
3/4 h o u r  f o r  l u n c h ,  and one hour f o r  d i n n e r .  

- 

* U s u a l l y ,  one man i s  k e p t  u n a s s i g n e d  t o  tasks  r e q u i r i n g  
c o n t i n u i t y  of e f f o r t  and can  r e a d i l y  c e a s e  wha teve r  he i s  d o i n g  
t o  h a n d l e  a n t i c i p a t e d  c o n t i n g e n c i e s ,  such  as r e p a i r  work o f  t h e  
compr>nent r e p l a c e m e n t  t y p e .  Those problems which f o r  l a c k  of  
a s p e c i a l  s k i l l  c a n ' t  be handled  by t h e  a v a i l a b l e  man c a n  u s u a l l y  
be  pos tponed  u n t i l  someone w i t h  t h e  n e c e s s a r y  s k i l l  becomes 
a v a i l a b l e .  A c a s e  where t h e s e  a l t e r n a t i v e s  are n o t  p o s s i b l e  i s  t h e  
Occur rence  of  a ma jo r  f l a r e  d u r i n g  a Maximum P e r s o n a l  Main tenance  
mode, which c o u l d  happen about  once  a month. ( * )  T h i s  would r e q u i r e  
t h e  s e r v i c e s  of  two men who would n o t  o t h e r w i s e  be a v a i l a b l e .  
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U. S l e e p i n g  

We have a l lowed  a f u l l  8 h o u r s  p e r  d a y  f o r  s l e e p i n g .  
' T h i s  i n c l u d e s  t h e  t i m e  r e q u i r e d  t o  a t t a c h  b i o m e d i c a l  s e n s o r s  
for p h y s i o l o g i c a l  m o n i t o r i n g  d u r i n g  s l e e p ,  and  f o r  c a l i b r a t i n g  
the KEG and EKG a p p a r a t u s ,  i f  n e c e s s a r y .  We e x p e c t  t ha t  when 
the  s c h e d u l e  o f  s t a t i o n  o p e r a t i o n s  i s  e s t ab l i shed ,  t h e  a s t r o -  
n a u t s  w i l l  b e  a b l e  t o  s l e e p  "on command." However, i n i t i a l l y ,  
w e  a n t i c i p a t e  d i f f i c u l t i e s  i n  s l e e p i n g  a t  t h e  r e q u i r e d  t ime,  
e i t h e r  a s  t h e  r e s u l t  o f  t h e  s h i f t i n g  of  t h e  d i u r n a l  c y c l e s  or 
as  a r e s u l t  o f  n o i s e  and a c t i v i t y  on  t h e  p a r t  o f  t h e  o t h e r  
a s t r o n a u t s .  The t i m e  a l l o c a t e d  t o  s l e e p i n g  t h u s  a l l o w s  f o r  
a t r a n s i t i o n a l  p e r i o d  between work and s l eep ,  d u r i n g  which a 
s l e e p i n g  p i l l ,  i f  n e c e s s a r y ,  can  take  e f f e c t .  If e i g h t  h o u r s  
s l e e p  i s  n o t  n e c e s s a r y  ( and  t h e  need can  v a r y  from one  a s t r o -  
n a u t  t o  a n o t h e r )  , t h e n  t h e  e x t r a  t i m e  c a n  be u s e d  f o r  r e s t  
and r e c r e a t i o n  a c t i v i t i e s ,  a s  s u g g e s t e d  e a r l i e r .  

C .  Hygiene 

O f  a l l  t h e  a r e a s  of p e r s o n a l  ma in tenance ,  t h e  one i n  
which t h e  g r e a t e s t  u n c e r t a i n t y  e x i s t s  i s  t h a t  o f  p e r s o n a l  hy- 
g i e n e .  The r e a s o n  f o r  t h i s  i s  t h a t  t h e r e  a re  a l a r g e  number 
of unanswered q u e s t i o n s  about b o t h  t h e  p o s s i b l e  changes  i n  t h e  
m i c r o b i o l o g i c a l  b a l a n c e  and  t h e  b u i l d u p  of c o n t a m i n a n t s .  We 
can  t h e r e f o r e  assume t h a t  p e r s o n a l  h y g i e n e  w i l l  i n c l u d e  pro-  
c e d u r e s  f o r  o b t a i n i n g  b a c t e r i a l  c o u n t s  b y  wip ing  p o r t i o n s  of 
t h e  body w i t h  s t e r i l e  swabs and  s t o r i n g  them f o r  l a t e r  biochem- 
i c a l  a n a l y s i s .  Depending upon t h e  b u i l d u p  o f  b a c t e r i a ,  t h e  
h y g i e n i c  p r o c e d u r e s  may have t o  a l t e r e d .  We have a l l o c a t e d  
1.75 h o u r s  f o r  hyg iene ,  broken up i n t o  two 1 / 2  hour  p e r i o d s  
a n d  one  1/4 hour  p e r i o d ,  w i t h  t h e  u n d e r s t a n d i n g  t h a t  t h i s  t i m e  
may have  t o  b e  i n c r e a s e d  as a r e s u l t  of m i c r o b i o l o g i c a l  assess- 
ments .  

D .  Housekeeping 

A s  n o t e d  above ,  t h e r e  may b e  a b u i l d u p  of  contami-  
n a n t s  w i t h i n  t h e  s p a c e  s t a t i o n .  These may b e  e i t h e r  i n  t h e  
fo rm o f  a t m o s p h e r i c  con taminan t s ,  which may b e  removed by ap-  
p r o p r i a t e  f i l t e r i n g  of t h e  a tmosphere ,  or t h e y  may be  i n  t h e  
form o f  p a r t i c u l a t e  matter t ha t  adheres  t o  t h e  wal ls  and  
equ ipmen t ,  as  was found i n  t h e  Gemini p r o g r a m ( 8 ) .  We have 
a l l o c a t e d  two s h o r t  p e r i o d s  i n  each  day p e r  a s t r o n a u t  (1/2 
a n d  1/4 hour  r e s p e c t i v e l y )  for c l e a n i n g  t h e  s p a c e  s t a t i o n  i n  
f ' ; enera l ,  apar t  from t h e  housekeeping  t h a t  i s  a s s o c i a t e d  w i t h  
the  a c t i v i t i e s  of e a t i n g ,  s l e e p i n g  a n d  p e r s o n a l  h y g i e n e .  

l3. E x e r c i s e  

A s  n o t e d  e a r l i e r ,  w e  are  assuming t h a t  e x e r c i s e  w i l l  
c o n s t i t u t e  t h e  major  countermeasure  t o  c a r d i o v a s c u l a r  decond i -  
t i o n i n g  which might  b e  expec ted  i n  a w e i g h t l e s s  env i ronmen t .  



BELLCOMM, INC.  - 7 -  

Accord ingly ,  w e  have schedu led  two h a l f - h o u r  p e r i o d s  p e r  man 
p e r  day for v i g o r o u s  e x e r c i s e ,  assuming t h a t  t h e  problems o f  
locomot ion  i n  t h e  normal  work p e r i o d  w i l l  a l s o  s e r v e  as a n  
a d d i t i o i i a l  form of p h y s i c a l  e x e r t i o n .  Again,  t h e  r e q u i r e m e n t  
f o r  e x e r c i s e  canno t  b e  s t a t e d  i n  advance .  I t  w i l l  have  t o  b e  
dctermLned on  t h e  bas i s  of p h y s i o l o g i c a l  a n a l y s i s  o f  t h e  i n -  
d i v i d u a l  a s t r o n a u t s ,  i n c l u d i n g  dynamic a n a l y s i s  d u r i n g  t h e  
e x e r c i s e  conduc ted  as  p a r t  o f  t h e  m e d i c a l  program. 

F'. Rest and  R e c r e a t i o n  

S t u d i e s  o f  g r o u p s  l i v i n g  and working  u n d e r  c o n f i n e -  
ment have b rough t  o u t  t h e  n e c e s s i t y  for a p e r i o d  of t i m e  e a c h  
d a y  d u r i n g  which i n d i v i d u a l s  a re  a l lowed  t o  engage i n  unsched-  
u l e d  a c t i v i t i e s ,  e i t h e r  p e r s o n a l  ( r e a d i n g ,  w r i t i n g ,  et 'c.) '  
s o c i a l  ( p l a y i n g  games, watching  TV, e t c . ) .  We have shown, f o r  
each  man i n  F i g u r e  1, a two-hour p e r i o d  c a l l e d  "Work or Rest 
and R e c r e a t i o n . "  The i n t e n t ,  as  p o i n t e d  o u t  e a r l i e r ,  i s  t o  
u s e  t h i s  t ime  for s c h e d u l e d  work as n e c e s s a r y ,  c o n t i n g e n t  on 
mee t ing  t h e  R&R needs  a t  o t h e r  times d u r i n g  t h e  d a y  and  on  
t h e  " d a y  o f f . "  F a i l i n g  t h i s ,  t h e  a s s ignmen t  of  t h e  i n d i c a t e d  
two h o u r s  t o  R & R  would take on i n c r e a s i n g  i m p o r t a n c e .  

C O N ' l ' l N G E N C Y  CONSIDERATIONS 

A s  n o t e d  i n  t h e  d i s c u s s i o n  r e g a r d i n g  t h e  n i n e  modes 
o f  p e r s o n a l  ma in tenance ,  t h e  s i x  modes r e f e r r e d  t o  as " o f f -  
norriinal" a r e  c o n t i n g e n c y - r e l a t e d  s i t u a t i o n s .  The b a s i c  p e r -  
sonal main tenance  a s s o c i a t e d  c o n t i n g e n c y  i s  one  o f  i l l n e s s  on 
ttie p a r t  o f  one  of t h e  a s t r o n a u t s ,  which may or may n o t  r e q u i r e  
a n o t h e r  crew member t o  a c t  as a n  a t t e n d a n t .  F o r  t h e  sake o f  
s i m p l i c i t y ,  we c a r r i e d  o u t  t h e  a n a l y s i s  for o n l y  one  ill crew 
member o u t  of  t h e  p o s s i b l e  s i x  a s t r o n a u t s  a b o a r d ,  which re- 
s u l t e d  i n  t h e  d e f i n i t i o n  o f  modes D ,  E ,  F ,  and G .  I n  more 
d e t a i l e d  p l a n n i n g  , t h e  c a s e  o f  two or more i n c a p a c i t a t e d  crew 
members s h o u l d  a l s o  be c o n s i d e r e d .  ( I n  a d d i t i o n  t o  p r e p l a n n i n g ,  
t h i s  c a s e  would a l m o s t  c e r t a i n l y  r e q u i r e  s p e c i f i c ,  r e a l  t i m e  
c o n s i d e r a t i o n  b y  t h e  Miss ion  D i r e c t o r ) .  

I n  a s s i g n i n g  a n  a t t e n d a n t  f o r  a s i c k  a s t r o n a u t ,  w e  
p i c k e d  h i s  s i m i l a r l y  schedu led  crew mate. T o  make t h i s  a f u l l  
time ass ignmen t  f o r  p ro longed  d i s a b i l i t i e s  migh t  b e  u n r e a l i s -  
t i c ,  s i n c e  each  a s t r o n a u t  aboa rd  t h e  s p a c e  s t a t i o n  i s  most 
l i k e l y  t o  be a s p e c i a l i s t  i n  some a rea ,  be i t  t h e  o p e r a t i o n  
o f  tlie s t a t i o n  or t h e  conduct  of c e r t a i n  e x p e r i m e n t s .  To as- 
s i g n  t l ie  crew mate t o  f u l l - t i m e  d u t i e s  as  a m e d i c a l  a t t e n d a n t  
i:; t o  d e p r i v e  t h e  s t a t i o n  of h i s  s p e c i a l  knowledge and  s k i l l s  
a n d ,  s e c o n d l y  , t o  p l a c e  an  undue r e s p o n s i b i l i t y  on him for t h e  
c a r e  of a n o t h e r  a s t r o n a u t .  A more l i k e l y  p r o c e d u r e  t o  f o l l o w ,  
s h o u l d  t h e  a t t e n d a n c e  r e q u i r e m e n t s  b e  t h a t  demanding , i s  t o  r o -  
t a t e  t h e  a s s ignmen t  among s e v e r a l  a s t r o n a u t s ,  s i n c e  t h e  s i c k  
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: i t ; t t r i o i i : i u t ,  i :: under  l e s s  c o n s t r a i n t  w i t h  r ega rd  t o  h i s  s l e e p  
: : c l ~ ( ~ t l u l r ~  2nd a c t i v i t i e s  f o r  which he may need a s s i s t a n c e  
t l ~ a t i  a r e  tlic o t h e r s .  I t  should  b e  n o t e d  t h a t  when a s i c k  man 
would o r d i n a r i l y  be i n  a p e r s o n a l  ma in tenance  mode, t h e  work 
availability o f  o t h e r  a s t r o n a u t s  would n o t  b e  a l t e r e d .  The 
s i c k  man's crew mate who i s  a l s o  i n  a p e r s o n a l  ma in tenance  
mode would b e  a v a i l a b l e  t o  h e l p  t h e  s i c k  man, if n e c e s s a r y .  

The absence  of  one man f rom work a v a i l a b i l i t y  f o r  
s h o r t  p e r i o d s  o f  t i m e  ( s a y ,  up t o  a f e w  d a y s )  would n o t  neces-  
s a r i l y  impact  t h e  m i s s i o n .  A w e l l - p l a n n e d  m i s s i o n  s h o u l d  l e a v e  
one  of t h e  a v a i l a b l e - f o r - w o r k  a s t r o n a u t s  uncommitted t o  t a s k s  
r e q u i r i n g  c o n t i n u i t y  o r  r e g u l a r i t y  o f  pe r fo rmance ,  s o  t h a t  
room e x i s t s  for t h e  h a n d l i n g  of o c c a s i o n a l  h i g h e r  work loads ,  
minor  crew d i s a b i l i t i e s ,  and o t h e r  c o n t i n g e n c i e s ( 2 ) .  However, 
when t h e  workload due t o  c o n t i n g e n c i e s  becomes t o o  h i g h  f o r  
h a n d l i n g  w i t h i n  t h e  r e g u l a r  a v a i l a b l e  manpower or canno t  be  
pos tponed  t o  a more f a v o r a b l e  t i m e ,  t h e n  p e r s o n a l  ma in tenance  
a c t i v i t i e s  would be c u r t a i l e d .  T h i s  would i n c r e a s e  t h e  number 
of men a v a i l a b l e  f o r  work, b y  e f f e c t i n g  t r a n s i t i o n s  t o  mode H 
or I ,  as i n d i c a t e d  e a r l i e r .  

I n  t h i s  memorandum w e  have sought  t o  p r e s e n t  a p i c t u r e  
o f  t h e  day-to-day a c t i v i t i e s  and s c h e d u l i n g  c o n s i d e r a t i o n s  i n  
the  area o f  p e r s o n a l  ma in tenance .  We have s t r e s sed  some o f  
t h e  u n c e r t a i n t i e s  of  l o n g  d u r a t i o n  s p a c e  f l i g h t s ,  such  as the  
d a n g e r  o f  m i c r o b i o l o g i c a l  and c o n t a m i n a t i n g  a g e n t s ,  and t h e i r  
p o s s i b l e  impact  on the  m i s s i o n .  I n  a d d i t i o n ,  w e  have c o n s i d -  
e red  t h e  impact  on  t h e  s c h e d u l e  of  c o n t i n g e n c i e s  i n v o l v i n g  
the i l l n e s s  of one  a s t r o n a u t  w i t h  and  w i t h o u t  t h e  r e q u i r e m e n t  
f o r  a n  a t t e n d a n t ,  as  w e l l  as t h e  r e d u c t i o n  o f  p e r s o n a l  main- 
t e n a n c e  a c t i v i t i e s  t o  accommodate i n c r e a s e d  work r e q u i r e m e n t s .  

SLP 1011 -IvIAR-bl M .  A. Robinson 

At t a c h m e  n t 
F i g u r e s  1 and 2 
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